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Benign convulsion with mild gastroenteritis (CwG) Is a type of afebrile seizure that occurs In children. 
CwG is defined as a convulsion in a previously healthy child with no known central nervous system 
Infection or encephalopathy, accompanying mild diarrhea without fever, electrolyte Imbalance, or 
moderate to severe dehydration. Convulsions In CwG are characterized by multiple brief episodes of 
generalized or focal seizures. Although the etiology and pathophysiology have yet to be fully explained, 
many pathogenic mechanisms have been proposed including the possibility of direct Invasion of 
the central nervous system by a gastrointestinal virus such as rotavirus or the possibility of Indirect 
influence by the production and effects of certain mediators. The electroencephalogram findings are 
benign and long-term antleplleptic treatment Is typically not required. Long-term prognosis has been 
favorable with normal psychomotor development. This review provides a general overview of CwG with 
the goal of allowing physicians practicing in the field of pediatrics to better recognize this unique entity 
and, ultimately, to minimize unnecessary evaluation and treatment. 
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Introduction 



In 1982, Morooka" first reported a clinical condition in which mild viral gastroenteritis 
without severe dehydration, electiolyte imbalance, or hypoglycemia cotild trigger afebrile 
convulsions. In 1995, Komori et al.^' further characterized "benign convulsion with 
mild gastroenteritis (CwG)" as (1) previously healthy infants and young children aged 6 
months to 3 years having afebrile brief generalized tonic-clonic convulsions between the 
first and the fifth sick day of viral gastroenteritis usually in winter, (2) mild dehydration 
{<5%), (3) seizures tending to occur repetitively over several days, (4) an interictal 
electroencephalogram (EEG) showing no epileptic discharges, (5) frequent detection 
of rotavirus antigen in the stool, (6) normal other laboratory examinations including 
cerebrospinal fluid, serum electrolytes, and blood glucose, and (7) always a good prognosis. 
/Uthough CwG has not been categorized by the International League Against EpOepsy 
(HAE)^', this distinct clinical entity is now widely recognized worldwide as situation-related 
seizures rather than epilepsy. In more recent years, numerous reports and studies have 
described its characteristics mainly from East Asian countries, such as Japan, Korea, and 
Taiwan* and recentiy from Western countries"""". CwG is now defined as a convulsion 
accompanying symptoms of mild diarrhea without moderate to severe dehydration, 
electiolyte imbalance, and fever before and after the seizures in previously healthy infants 
and children without meningitis, encephalitis, or encephalopathy''". This review covers 
an overview on the epidemiology, clinical characteristics, pathophysiology, diagnosis and 
differential diagnosis, tieatment, and prognosis of CwG in order to provide insight into a 
rather unrecognized entity of seizure commonly encountered in clinical practice. 
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Epidemiology 

CwG is known to occur predominantly in winter and early 
spring in temperate countries, corresponding to the outbreaks 
of viral gastroenteritis— especially rotavirus gastroenteritis*'^''^'. 
The incidence of CwG associated with rotavirus gastroenteritis 
is approximately 2%-3o/o^''^''". CwG occurs in children aged 
1 month to 6 years, peaking from 1 to 2 years*"'^'. Studies 
have shown that its incidence is similar between both sexes. 
Meanwhile, there are also reports of female dominance in 
incidence, with a male to female ratio of 1:1.5-1.8^'"'. The 
family history of epilepsy is usually negative in CwG. However, 
according to a recent study, the family history of epilepsy in 
the first and second-degree relatives has been reported up to 
16.4%"". The predominance of reports and studies from East 
Asian countries suggests that CwG may be predominant in 
certain ethnicities^l Recently, reports and studies from Western 
countries have increased, indicating that CwG is a worldwide 
condition instead of being confined to East Asia"". 



Clinical characteristics 

Although the majority of seizure types associated with 
CwG are known to be generalized seizures, focal features- 
such as lateral eye deviation and hemiconvulsion or complex 
partial seizures with loss of responsiveness without convulsive 
movements— have also been reported^'*''^''*'"". According to 
previous studies, focal or partial types of seizures were observed 
in 130/0-650/0 of cases''*''''"''^'. 

Another unique characteristic of CwG is that multiple seizures 
usually occur during the illness, ranging from 1-8 episodes 
within a 24-hour period*''^'. In some studies, >2 seizures de- 
veloped in 570/0-880/0 of patients with CwG*'''''"'"'"". The mean 
frequency of seizures in CwG was 2.4-3.0 episodes (range, 
1-8 episodes)^'' ""'^'. One study reported a significantly higher 
frequency of seizures in patients aged >2 years than in those 
aged <2 years^'. 

Although some studies have described that seizures lasted 
>24 hours in 50/0-80/0 of patients, most seizures usually ceased 
within 24 hours*' The mean time from the seizure onset to the 
last seizure in patients with multiple seizures was 7.7-8.6 hours 
(range, 0.5-48 hours) according to previous studies*''^'. 

The duration of the seizures in CwG is known to be brief, 
with the seizures usually lasting from 30 seconds to <5 min- 
utes*"''". However, some studies have reported seizures lasting 
>30 minutes '°''^'"'''^'. The duration between the onset of gastro- 
intestinal symptoms and seizures usually ranges from 1-6 days 
(mean, 2.3-3.8 days)*"'''. Meanwhile, some studies have reported 
that the seizures occurred before the onset of diarrhea^'"''"". 



The characteristics of CwG are summarized in Table 1. 



Pathophysiology 

Although the mechanism associated with the seizures in CwG 
patients remains unknown, an interesting finding of CwG is that 
it only occurs in infants and young children. Moreover, the rapid 
development and growth of the cenfral nervous system (CNS) in 
this age group, which is similar to febrile seizures where brain 
immaturity plays a role, may increase the susceptibility to the 
development of seizures in CwG'^'. 

Among the many organisms causing gastroenteritis, rotavirus 
has been frequently detected in the stool specimens of CwG 
patients^'*'" '^ '*"". Many studies have investigated the relationship 
between a rotavirus infection and its effect on the CNS. One 
hypothesis is that rotavirus may directly invade the CNS via 
the bloodstream and consequently cause encephalopathy, 
encephalitis, or seizures^"'^". Systemic infection by rotavirus has 
been confirmed by the detection of rotavirus antigens and RNA 
in serum specimens of children with rotavirus gasfroenteritis^^^*'. 
Moreover, some studies have detected rotavirus RNA in the 
cerebrospinal fluid of patients with gastroenteritis and sei- 
zures"'^'"'. In vitro, neuronal infection and replication by ro- 
tavirus has been demonstrated, with the identification of 
NSP4 in dendritic processes"'. NSP4 is a glycosylated protein 
of rotavirus, which is known to play a major role in the pa- 
thogenesis of rotavirus in gastrointestinal epithelial cells via 
alteration of calcium homeostasis in infected cells^"'. More- 
over, NSP4 is known to possess membrane-destabilizing pro- 
perties^*". Therefore, the direct invasion of rotavirus into the 
CNS may induce seizures in CwG by replicating and inducing 
the production of NSP4 resulting in neurotoxicity and neu- 
rotransmitter dysregulation. However, this hypothesis is 
confroversial as rota-virus RNA has not been detected in all cases. 

Another hypothesis is that rotavirus may induce seizures 
indirectiy by increased circulation of various mediators produced 
in the gastrointestinal fract. During inoculation and replication 
of rota-virus in the intestine, infracellular calcium influx induced 
by NSP4 may induce cell death of enterocytes and stimulate the 
release of cytokines, prostaglandins, reactive oxygen species, 
and even NSP4 itself"". Serum calcium levels have been found 
to be significantiy lower in rotavirus gastroenteritis patients 
with seizures than in patients without seizures, indicating that 
the disruption of calcium homeostasis plays a significant role 
in the generation of seizures in rotavirus gastroenteritis^". 
Moreover, cytokines may play a role in triggering the seizures. 
Several studies have suggested that cytokines such as interleukin 
(IL) 8 and IL-10 may be involved in the pathogenesis of 
rotavirus infection, and that increased systemic spread of the 
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virus may stimulate a strong immune response in the host ' 

Furthermore, nitric oxide may play a role in the indirect 
mechanism. According to a study, nitric oxide was significantly 
elevated in the cerebrospinal fluid of patients with rotavirus- 
induced seizures compared to the level in patients with purulent 
meningitis, encephalitis, or febrile convulsions^'"'. Therefore, 
increased circulation of mediators such as NSP4, cytokines, and 
nitric oxide during systemic rotavirus infections may result in 
them to cross the blood-brain barrier and induce seizures in CwG 
patients. 

Particular rotavirus genotypes may be associated with the 
seizures observed in CwG patients. Two studies have been 
reported in Korea with controversial results^'' "'. Choi et al.^*"' 
reported that there was a statistical significance in the detection 
rate of the genotype P[4]G2 in stool specimens between seizure- 
free patients and CwG patients with rotavirus gastroenteritis. 
Meanwhile, Yang et al."' reported that P[8]G3 was dominant in 
patients with CwG. However, there was no statistical significance 
in the detection rate of particular genotypes between groups. 
Therefore, the occurrence of rotavirus-associated CwG may not 
be genotype-specific. Further large-scaled studies are required in 
the future to clarity this association. 

Despite many studies investigating the association between 
rotavirus and CwG, gastroenteritis in CwG is not solely confined 
to rotavirus infections. The detection of other gastrointestinal 
viruses such as norovirus, sapovirus, adenovirus, and coxsackie- 
virus in stool specimens of patients with CwG has been re- 
ported"'"""^'. According to Chen et al."', the incidence of convul- 
sions associated with norovirus infections was higher than that 
associated with rotavirus infections (29.7% vs. 5%), highlighting 
norovirus as a significant pathogen in CwG— in the postrotavirus 
vaccination era. Further studies investigating the association 
between CwG and pathogens other than rotavirus, especially 
norovirus, are required in the fiiture. 

Some have postulated that CwG should be classified into the 



spectrum of benign infantile seizures because of the overlapping 
clinical picture^^"'"'. Moreover, genetic studies have supported 
this postulation, proposing a channelopathy of genetic hetero- 
geneity in benign infantile seizures as a possible cause of 
CwG'" Furthermore, the similarity of benign infantile sei- 
zures and CwG with regard to the effectiveness of low-dose 
carbamazepine therapy have indicated the possibility of sodium 
channel abnormalities such as SCNIA mutations in CwG^ ''^'. 
The identification of de novo mutations of the SCNIA gene in 
11 of 14 patients with alleged vaccine encephalopathy have 
supported this hypothesis*'''. However, a recent study in Taiwan 
reported no SCNIA mutation in 12 patients with CwG""'. Further 
investigation is required in order to verify whether CwG is 
associated with sodium channelopathies and whether it is a 
marginal sjmdrome of benign infantile seizures. 



Diagnosis and differential diagnosis 

The diagnosis of CwG is made on clinical grounds. All infants 
and children are previously healthy with normal psychomotor 
development and without any previous history of CNS diseases 
or disorders. Dehydration due to diarrhea is only mild and 
laboratory tests show no derangement in electrolyte levels. 
Therefore, initial laboratory tests, including serum glucose, blood 
urea nitrogen, creatinine, and electrolytes, are required in order 
to assess the degree of dehydration and to differentiate CwG 
Irom seizures due to hypoglycemia or electiolyte imbalances. 

Although fever is common during viral gastroenteritis and 
therefore can occur during CwG, the body temperature is <38°C 
during seizure episodes in CwG. A history of prolonged fever 
with deteriorating neurologic signs and symptoms should raise 
the possibility of a more severe and progressive CNS infection 
associated with viral gastioenteritis. Neurological manifestations 
other than CwG such as meningoencephalitis, encephalopathy. 



Table 1. Characteristics of benign convulsion with mild gastroenteritis 


Characteristic 


Benign convulsion with miid gastroentertis 


Peak age 


1-2 years old 


Sex ratio (male:female) 


1:1-1.8 


Famiiy history of seizure or epilepsy 


Usually negative 


Seizure type 


Generalized seizures or focal seizures with or without secondary generalization 


Seizure frequency 


Usually multiple seizures 


Seizure duration 


Usually <5 minutes 


Duration from the first to iast seizure 


Usually <24 hours 


Duration of gastrointestinal symptoms before seizure onset 


Usually 1-6 days 


Cause of virai gastroenteritis 


Rotavirus most common; increasing incidences of norovirus after introduction of rotavirus vaccination 


Electroencephalogram 


Usually normal 


Prognosis 


Good 
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acute necrotizing encephalitis, meningitis, Reye syndrome, and 
flaccid paralysis have been associated with 2%-5o/o of rotavirus 
infections, with a presentation that may mimic CwG in some 
cases*" '''". Complete blood cell counts, serum C-reactive protein, 
spinal tapping, magnetic resonance imaging, and EEG should 
be strongly considered at initial presentation and at any time 
during the course in patients with deteriorating fever patterns, 
and ongoing seizures, decreased mental alertness, or neurologic 
deficits. 

Although interictal EEG findings are usually normal in 
CwG*"'*", some patients may initially present with abnormal 
EEG findings, such as slow waves, focal spikes, or epileptiform 
discharges^ Despite some abnormalities, most EEG 

findings return to normal during the follow-up period. Therefore, 
the role of an EEG is of limited value in the evaluation of CwG. 
However, the first onset of electroclinical syndromes such as 
benign infantile epilepsy, benign familial infantile epilepsy, 
and benign epilepsy with centrotemporal spikes may also coin- 
cidentally occur with the onset of viral gastroenteritis, mimicking 
CwG. Therefore, an EEG should be obtained in patients with 
prolonged seizures despite normal body temperature during 
the course of the disease or a suspicious history of unevaluated 
afebrile seizure. The evaluation required for the differential 
diagnosis of CwG is summarized in Table 2. 

Treatment and prognosis 

Long-term antiepileptic treatment is not required for pati- 
ents with CwG. The seizures in CwG do not usually persist 
after the illness and the role of antiepileptic treatment may 
be limited to stopping them during the illness. Some studies 
have suggested that most seizures in CwG would end within 
24 hours, and intensive antiepileptic treatment such as high 
dose phenobarbital, continuous infusion of midazolam, and 
continuous pentobarbital would not be recommended in patients 
with CwG*'. Several studies have reported that treatment with 
carbamazepine or lidocaine may be effective in the cessation 



of the seizures associated with CwG, whereas benzodiazepines 
are ineffective^'*^'™'. Recentiy, a low dose of carbamazepine of 5 
mg/kg once per day has been shown to be effective in tieating 
rotavirus-associated CwG'". Further large-scaled prospective 
randomized studies are required to determine the optimal 
tieatment for CwG. 

Despite repetitive seizures that may last for several days, the 
prognosis of CwG is generally favorable. Patients do not develop 
epilepsy in the future, and psychomotor development is normal. 
Therefore, long-term antiepileptic treatment is not required in 
children with CwG. 



Prevention 

According to a recent study reported in the United States, a fiiU 
course of rotavirus vaccination was associated with statistically 
significant reductions in the risk of childhood seizures during 
the year following the last rotavirus vaccination^". Therefore, 
rotavirus vaccination may reduce the occurrence of CwG by 
preventing rotavirus infections. Further worldwide studies are 
required in the fiiture. 



Conclusions 

CwG is a unique type of afebrile seizure that is associated 
with mild viral gastroenteritis in previously healthy infants 
and children without CNS infections and encephalopathy. It is 
characterized by afebrile brief generalized or focal convulsions. 
Rotavirus is widely known as the most common -virus associated 
with the occurrence of CwG. Although its pathophysiology is not 
yet fully understood, direct or indirect effects of gastrointestinal 
-viruses on the CNS have been proposed as possible pathogenic 
mechanisms. Most EEG findings are normal and long-term 
antiepileptic treatment is usually not required. Prognosis is 
always favorable, with normal psychomotor development. 
Further studies regarding its pathogenesis and other associated 



Table 2. Differential diagnosis of benign convulsion with mild gastroenteritis 


Differential diagnosis 


When to evaluate or consider further evaluation 


Required evaluation 


Hypoglycemia 


At Initial evaluation 


Serum glucose 


Electrolyte Imbalance 


At Initial evaluation 


Serum electrolytes 


Electroclinical syndromes (BIE, BFIE, BECTS, etc.) 


Prolonged seizures despite normal body temperature, 
suspicious history of unevaluated afebrile seizure 


EEG 


CNS infections associated with AGE (meningitis, meningo- 
encephalitis, encephalitis, etc.) 


Deteriorating fever pattern with ongoing seizures, de- 
creased mental alertness, or neurologic deficits 


CBC, CRP, spinal tapping, brain MRI, EEG 


Unrevealed CNS diseases (encephalopathies, malformations, 
tumor, etc.) 


History of development delay, neurologic deficits, sus- 
picious history of unevaluated afebrile seizure 


Brain MRI, EEG 



BIE, benign Infantile epilepsy; BFIE, benign familial infantile epilepsy; BECTS, benign epilepsy with centrotemporal spikes; EEG, electroencephalogram; CNS, central 
nervous system; AGE, acute gastroenteritis; CBC, complete blood cell; CRP, C-reactive protein; MRI, magnetic resonance Imaging, 
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viruses are required in the future. 
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